the authors concluded that diagnoses in boys and girls with CAH were equally missed and that neonatal screening improved detection Methods. We performed a retrospective subset analysis of 44 children with confirmed CAH.
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Congenital adrenal hyperplasia (CAH) is a group of autosomal recessive disorders characterised by enzyme deficiencies that impair adrenal steroid biosynthesis. The most common form is deficiency of the 21-hydroxylase (21-OH) enzyme, accounting for >90% of cases. The incidence ranges from 1:10 000 to 1:20 000 live births. [1] There are three types of CAH, depending on the severity of the enzyme deficiency. The most common type is the classic salt-wasting (CSW) form, occurring in 75% of cases, which is characterised by cortisol and aldosterone deficiency and androgen excess. The simple virilising (SV) type is characterised by cortisol deficiency and androgen excess but adequate amounts of aldosterone. In both CSW and SV CAH, the excess androgens cause virilisation of the genitalia in girls, leading to disorders of sex development (DSD). The cortisol deficiency may present with an adrenal crisis, while the aldosterone deficiency causes sodium and water loss resulting in dehydration, shock and electrolyte abnormalities. In addition to the CSW and SV forms of CAH, there is also a non-classic form (NCCAH), which is characterised by mild deficiency of the 21-OH enzyme with variable degrees of postnatal androgen excess but is sometimes asymptomatic. Girls with the NCCAH form are therefore not virilised at birth and do not present with DSD. There is mild subclinical impairment of cortisol in NCCAH that does not lead to adrenal crises. NC forms of CAH are more common than classic forms, occurring in 1 -3% of the general population, and are often misdiagnosed as precocious pubarche or polycystic ovarian disease in young women. [1] Newborn screening in developed countries has reduced the morbidity and mortality associated with CAH. [2] There is a lack of reporting on the prevalence of CAH in resourcepoor countries such as South Africa (SA), affecting diagnosis, treatment and management outcomes. Lack of screening facilities results in delayed and missed diagnosis and a high mortality in saltwasting forms.
In 1976, Geefhuysen et al. [3] reported that CAH was less common in black compared with white SA children. We recently reported that CAH was the third most common diagnosis in children with DSD attending a specialised endocrine unit. [4] In 2008, Osifo and Nwashilliv [5] retrospectively reported on 27 children with CAH in Nigeria, highlighting the challenges of managing these children in a developing country. Tayel et al. [6] reported a high prevalence of CAH in Alexandria, Egypt, justifying the need for a newborn screening programme.
In a large retrospective population-based cohort study in Sweden,
rates. However, in other European studies in which CAH was diagnosed clinically, the diagnosis was missed in males more than in females. [8] [9] [10] 
Objective
Retrospective evaluation of the prevalence, clinical presentation and biochemical profiles of CAH caused by 21-OH deficiency in children attending a tertiary hospital in Durban, SA.
Methods
A database of patients with DSD presenting to the endocrine unit at Inkosi Albert Luthuli Central Hospital (IALCH) in Durban has been maintained from January 1995. This database was used to analyse the past records of patients with DSD. IALCH is a provincial tertiary hospital in KwaZulu-Natal Province (KZN) and serves a population of ~5 million children from 11 health districts. It is the only referral centre for paediatric patients with endocrine problems in KZN. Children are initially evaluated at their district or regional hospitals and referred to IALCH for subspecialist support. This is a retrospective review of a subset of children with a diagnosis of CAH made by the paediatric endocrinologist, based on clinical presentation and confirmed with biochemical investigations.
The following information was recorded in the database: age at presentation, birth weight, demographics including residential areas and referral hospitals, sex of rearing, gender dysphoria, consanguinity and a family history of DSD. Clinical symptoms and presentation of the patients were also recorded. Patients were noted as presenting with DSD alone, DSD with dehydration and shock, dehydration and shock without DSD, precocious puberty or amenorrhoea.
Clinical findings at presentation, including anthropometry (height or length, weight and body mass index (BMI) z-scores), were recorded. The patients' nutritional status was classified using the World Health Organization (WHO) child growth reference standards.
[11] Overweight was defined as a z-score ≥1 SDS (standard deviation score) and obesity as a z-score ≥2 SDS above the WHO growth reference median. Pubertal stage was assessed using the Tanner scale. The Prader scoring system was used to determine the degree of external virilisation. [12] Karyotyping was performed in all patients on peripheral blood leucocytes. The biochemical diagnosis of 21-OH deficiency was confirmed by hormonal evaluation. The patients' biochemical values (serum electrolytes and blood glucose) and levels of sex steroids at presentation, before the initiation of hormone replacement, were measured. Gonadotrophins, 17-hydroxyprogesterone (17-OHP), dehydroepiandrostenedione (DHEA-S), androstenedione, testosterone and oestradiol were recorded. All hormone levels were assayed with commercially available kits. Sex steroids and adrenocorticotrophic hormone (ACTH) were measured using chemiluminescence radioimmunoassay (Immulite 2000, Siemens, USA) in a central laboratory at IALCH. Plasma renin (mass) was measured by Cisbio radioimmunoassay (Cisbio, France), and serum aldosterone and 17-OHP were measured by Beckman coulter radioimmunoassay (Beckman Coulter, USA). Results were quantified using the Cobra II gamma counter (Packard, USA). Reference values are highly method dependent. Our unit has established its own normal values in conjunction with the local and regional laboratories. Values were compared with age-and sex-matched data from unaffected children.
An early-morning (before 08h00) baseline serum 17-OHP level is the screening test of choice in symptomatic individuals after infancy.
Reference ranges of 17-OHP were 0.2 -2.3 nmol/L for newborns and infants, 0.1 -2.7 nmol/L for prepubertal children, 0.1 -5.4 nmol/L for pubertal boys, 0.1 -8 nmol/L for pubertal girls, 0.4 -2.1 nmol/L for post-menarche girls during the follicular phase, and 1.0 -8.7 nmol/L for post-menarche girls during the luteal phase. [13, 14] A screening serum 17-OHP level of >6 nmol/L was an indication to obtain a complete adrenocortical profile and to perform a highdose (250 µg) cosyntropin stimulation test (HDSST). The HDSST is the gold standard to differentiate 21-OH deficiency from other enzyme defects and to confirm the diagnosis in borderline cases. [15] Levels of 17-OHP and cortisol were measured at baseline, then 30 and 60 minutes after the administration of cosyntropin. The plasma cortisol level at 30 minutes should be >550 nmol/L. A normal response to cosyntropin is an incremental increase of <10 nmol/L above basal concentration at 60 minutes. Patients with NC CAH show an incremental increase of >20 nmol/L, while heterozygote CAH patients have an intermediate response with considerable overlap into the normal range.
[15] The 17-OHP values were plotted on a nomogram to determine the severity of the disease. [16] Unfortunately cosyntropin was not easily available, and we were unable to perform the test on an urgent basis in some patients. These patients were treated according to the clinical findings and supportive baseline biochemical results. Molecular genetic analysis is also not routinely available for patients with DSD and CAH in SA.
Findings on radiological investigations, including the findings of a pelvic ultrasound scan, and bone age were also captured.
Patients were divided into CSW and SV groups, and further subdivided according to karyotypes. The clinical characteristics and biochemical values were compared between and within the groups.
The diagnosis of central precocious puberty (CPP) was made clinically and was supported by biochemical findings. Puberty that begins before 8 years of age in girls and before 9 years of age in boys is defined as precocious puberty. In girls, the first sign of puberty is usually breast enlargement, which may initially be unilateral. Pubic and axillary hair may appear before, at about the same time as, or well after the appearance of breast tissue. Menarche is a late event and does not usually occur until 2 -3 years after onset of breast enlargement. In boys, the earliest evidence of puberty is testicular enlargement (>4 mL). This is followed by growth of the penis and scrotum, which typically occurs at least a year after testicular enlargement. Measurement of serum testosterone is useful in boys with suspected precocious puberty. A luteinising hormone level of <0.1 IU/L is generally prepubertal. Random follicle-stimulating hormone levels do not discriminate between prepubertal and pubertal children.
Statistical analysis
Data were analysed using Stata version 14 (StataCorp, USA). Categorical variables were described using frequencies and percentages, and associations between groups were tested using Pearson's χ 2 test or Fisher's exact test, where applicable. Continuous variables were described using medians with interquartile ranges (IQRs), and differences between groups were tested using the KruskalWallis test. Spearman correlations were computed between age and sex steroids. Results were considered statistically significant for p-values <0.05.
Results
A total of 3 233 patients attended the endocrine clinic over the review period, and 44 (1.4%; 95% confidence interval 0.99 -1.82) had a diagnosis of CAH. Thirty-nine patients were diagnosed between the years 2006 and 2016.
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All the patients (N=44) were diagnosed with classic CAH (Table 1) . The majority (59.8%, n=26) had CSW CAH, and 40.9% (n=18) had SV CAH. Overall, there were more females (80.8%) than males (19.2%) among the classic CAH patients. There was no significant gender difference between the CSW and SV groups (p=0.999).
Age at presentation
The diagnosis was established significantly later in the SV CAH group (median 8.1 years (IQR 4.5 -11)) than in the CSW CAH group (median 2 months (IQR 2 weeks -5 months)) (p=0.0001). The median age at presentation in the 46,XY CSW group was 3 months (IQR 3 -4), while that in the 46,XX CSW group was 1 month (IQR 2 -5) (p=0.241). In the 46,XY SV group the median age of presentation was 7 years (IQR 5.5 -9.5), and in the 46,XX SV group it was 9.2 years (IQR 4.3 -10.8) (p=0.832). There was no significant difference in median age of presentation between females and males (p=0.541) in the CSW and SV groups (Fig. 1 ).
Baseline demographic characteristics
Baseline and demographic characteristics of the cohort are summarised in Table 1 . There was no family history of consanguinity among the patients with CAH. A positive family history of CAH was noted in 13.6% of patients (n=6), or three families. In the first family, the sibling pair each had 46,XX CSW CAH, while in the second family, the siblings had 46,XX SV CAH. In the third family, two siblings were diagnosed with CAH; however, the older sibling had 46,XY SV CAH and the younger sibling 46,XX CSW CAH.
Baseline clinical characteristics
The clinical presentation was substantially different between the two groups (p<0.001) ( Table 2 ). In the CSW group, 14/21 patients (66.6%) presented with DSD without dehydration and shock, while 7/21 (33.3%) presented with DSD and dehydration and shock. This difference was also significant between the males and females in the CSW group (p<0.001). Most of the females with 46,XX CSW (66.6%) were noted to have DSD on routine neonatal examination. None of the males with 46,XY CSW presented with DSD in the neonatal period. All the males (n=5) presented with dehydration and shock. In the SV group, 12 patients (66.7%) presented with precocious puberty and 5/14 females (35.7%) presented with DSD. The clinical presentation between male and females in the SV CAH group did not differ significantly (p=0.425).
Birth weight was recorded in 41 patients. More patients in the CSW group were of low birth weight compared with the SV group Anthropometric data were available for 29 patients (65.9%). Overall, 37.9% (n=11) of these were either obese or overweight. All the obese patients were black females. Compared with SV patients, notably more CSW patients (62.1%, n=18) had severe acute malnutrition. SV patients were more likely to be obese (n=5, 45.5%) or overweight (n=6, 54.5%) at presentation (p<0.001).
The median total daily dose of hydrocortisone was 15 mg/m 
Baseline biochemical findings
There was a significant difference in serum sodium, potassium, bicarbonate, renin, aldosterone and DHEA-S levels between the CSW and SV groups ( Table 3 ). The most significant difference between the two groups was in serum potassium and renin levels (p<0.0001). There was a significant negative correlation between sex steroids and age in the CSW group (Table 4 ). The younger patients in the CSW group tended to have higher sex steroid levels. No significant correlation was found in the SV group except for DHEA-S levels, which increased with age (p<0.008).
High-dose cosyntropin stimulation test
The HDSST test was performed in 20 (45.5%) of the patients (9 in the CSW group and 11 in the SV group). The median age at which the test was done was 3 months (IQR 1 -6) in the CSW group and 7.5 years (IQR 4.8 -9.7) in the SV group (p=0.002). There was no significant difference in serum 17-OHP and cortisol levels at baseline and at 30 and 60 minutes between the two groups. The maximum serum 17-OHP level (noted at 30 minutes) was 1 057 mmol/L (IQR 664 -1 450) in the CSW group and 286.5 mmol/L (IQR 186 -387) in the SV group. The serum cortisol level at 30 minutes was 222.5 mmol/L (140 -368) in the CSW group and 160 mmol/L (145 -221) in the SV group, confirming cortisol deficiency. Reference ranges are highly method dependent, corrected for age, sex and pubertal stage: [22] 
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Discussion
In this retrospective review over more than 20 years, we have shown that CAH caused by a deficiency of the 21-OH enzyme is not as common as might be expected among black children in KZN, SA. All the patients had classic CAH and none had the mild NC form. Although NC forms of CAH are more prevalent than classic CAH in the general population, they present later in adolescence and adulthood. In our unit at IALCH, as per hospital policy, patients aged >12 years are referred to the adult units for management, which would explain the lack of patients with NCCAH.
As expected, CSW CAH presented significantly earlier than SV CAH. Overall there were fewer males than females, which could reflect unreported deaths in males in whom the diagnosis of CAH was missed. Although females with CSW CAH presented earlier than males, the median age of presentation was not significantly different between the two groups. This is similar to findings from the large population-based cohort study in Sweden, [7] but contrasts with reports from most studies in Europe in the pre-screening era, where females with CAH presented significantly earlier than males. [8] [9] [10] In resource-poor settings, especially in the absence of neonatal screening, examination of the genitalia is crucial in detecting children with CAH. Virilisation of the external genitalia without palpable gonads should arouse the suspicion of CAH and is an indication for prompt and emergency referral to an endocrine specialist.
It is known that female infants with CAH present with lifethreatening adrenal crises in the second week, and males by the third week. [8] Although two-thirds of females in our study were diagnosed with DSD in the neonatal period, a third with DSD were missed or not recognised and subsequently presented with dehydration, salt loss and shock. All the males in the CSW group presented with dehydration and shock. Males have a lack of genital ambiguity that can lead to a delayed or missed diagnosis. However, females have virilisation of the external genitalia and should be recognised at birth. The death rate in CSW CAH without screening is 4 -10%. Early diagnosis and treatment can prevent this mortality and morbidity, which has been averted in developed countries, where screening for CAH is universal. [14] Neonatal screening for 21-OH deficiency is not routinely available in SA.
There was a significant difference in growth parameters between the CSW and SV CAH groups. In the CSW CAH children, ongoing salt loss and dehydration results in malnutrition. Failure to thrive has previously been described in CSW CAH. [17] In contrast, all the patients in the SV group were either overweight or obese, and specifically all black females were obese. The majority of the patients in the SV group presented with precocious puberty. An increase in BMI has been associated with early puberty. [18] In some studies, the association is stronger in white girls than in black girls. However, obesity is not clearly associated with early puberty in boys or girls. The prevalence of childhood overweight and obesity in SA is one of the highest in Africa. The high frequency of obesity in the SV group may therefore be an indication of the background obesity epidemic in SA.
Both CSW and SV CAH are associated with impaired cortisol synthesis. The 21-OH enzyme converts 17-hydroxyprogesterone to 11-deoxycortisol and progesterone to deoxycorticosterone, which are precursors for cortisol and aldosterone synthesis. In CSW CAH characterised by a severe deficiency of the 21-OH enzyme, both cortisol and aldosterone are deficient. The biochemical profile is characterised by hyponatraemia, hyperkalaemia, low serum cortisol and aldosterone and high plasma renin and ACTH. Gastroenteritis is common in SA and can present with similar electrolyte abnormalities to CAH, which can mask diagnosis of the latter. Healthcare professionals should therefore have a high index of suspicion of CAH in children who present with hyponatraemia and hyperkalaemia. In SV CAH, however, serum sodium, potassium, aldosterone and renin levels are normal. [1] The finding of significantly different plasma renin and potassium levels between the groups is therefore to be expected and is secondary to the aldosterone deficiency in the CSW group.
Adrenal sex steroids, especially androstenedione and to a lesser extent testosterone, are elevated in 21-OH deficiency owing to the accumulation of cortisol precursors that are diverted to sex hormone synthesis. There was no significant difference in testosterone and androstenedione levels between the two groups in our study, but there was a significant difference in DHEA-S levels. This can be explained by age-related differences between the two groups, as serum levels of DHEA-S increase with age and the mean age was higher in the SV group. The back-door pathway is also more dominant in SW CAH, hence the lower DHEA-S levels. [19] DHEA-S is not a good marker of 21-OH activity, as it binds with high-affinity albumin, has a long plasma half-life and is not responsive to acute change or to ACTH stimulation. [1] The younger patients in the CSW group tended to have higher sex steroid levels than the older patients in the SV group, reflecting the mini-puberty of infancy.
While patients with SV CAH are known to present with peripheral precocious puberty, CPP caused by premature activation of the hypothalamic-pituitary gonadal axis is also described in patients with CAH. The CPP is triggered by the chronic mild to moderate intermittent elevation of androgens in patients who are non-compliant with medication. SV boys with advanced bone age of >12 years may have spontaneous CPP when treatment with hydrocortisone is initiated. The hydrocortisone suppresses the production of adrenal androgens and stimulates the release of gonadotrophins if hypothalamic maturation is already present. [20, 21] All our patients with CPP are receiving treatment with a GnRH analogue. In SA, considerable limitations exist in optimally managing this condition. These include cultural and social issues, such as stigma and shame associated with genital abnormalities, that affect adherence to treatment.
Study limitations
This is a retrospective descriptive study, which is accompanied by the usual issues of data integrity such as missing data. To our knowledge, however, this review is the first and largest study evaluating the prevalence, clinical presentation and biochemical profiles in children with CAH due to 21-OH deficiency in SA. The information generated has important implications, as it can be used to develop guidelines including a neonatal screening programme for CAH to prevent deaths from adrenal crisis in unrecognised patients.
Conclusion
There are limited published data on CAH in SA. CAH caused by 21-OH deficiency appears to be infrequent in black SA children. In CAH = congenital adrenal hyperplasia; CSW = classic salt wasting; SV = simple virilising; DHEA-S = dehydroepiandrostenedione; 17-OHP = 17-hydroxyprogesterone. *In the CSW group, an increase in age is associated with lower hormone levels; in the SV group, an increase in age is associated with increased DHEA-S levels.
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our cohort, the diagnosis of CAH was delayed in males and females in both the SV and CSW groups. One-third of females with genital ambiguity were missed at birth and presented with life-threatening adrenal crises. This missed and delayed diagnosis probably results in a high mortality rate and under-reporting of cases. In the absence of neonatal screening for CAH in SA, there is an urgent need to educate and train healthcare workers to recognise neonates with DSD early and refer them timeously for specialist care.
